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ABSTRACT 

An interacting double layer system, with uniform positive background, is studied at 
finite temperature in the presense of a strong magnetic field corresponding to half filling in 
each layer. By mapping this system to composite fermions in zero field, we investigate the 
momentum transfer rate between the layers. As a result of the residual gauge interactions, 
it turns out that the low temperature dependence of this rate is T'^/'^ which is enhanced as 
compared to the normal behavior. 



Two dimensional electron gases involving Coulomb interaction and strong magnetic field 
are associated with the observation of many exciting phenomena such as the integer and 
fractional quantum Hall effect [1]. Recently more interest has focused on double- layer two- 
dimensional electron systems which exhibit among many others [2,3], the Coulomb drag 
[4]. This phenomenon manifests when a current flowing in one layer induces a current or 
voltage in another nearby layer. It is measured by the transresistivity = -Kind/ Jd which 
can be related to the drag rate I/tjj = ne^p^/m of momentum transfer from one layer to 
the other. This effect originates from friction associated with the density fluctuations and 
varies as in zero magnetic flcld. When disorder is present, the drag rate is enhanced 
and the low temperature dependence changes to InT. In this work we investigate further 
deviations in the drag rate when a strong magnetic flcld is present. Speciflcally, we consider 
magnetic flelds corresponding to even denomenators flUing of Landau levels. This situation 
is special in the sense that the problem can be mapped to the one of composite fermions in 
zero magnetic fleld at the expense of introducing residual gauge interactions between them. 
In such a procedure, though, the phase space available is drastically modifled giving rise to 
deviations in the drag rate from the more familiar for electrons at zero magnetic fleld. A 
different drag rate in the presence of a magnetic fleld has been investigated in [5] using flux 
attachment in a bosonic picture. This effect is linear in the inter-layer coulomb potential and 
does not originate from dissipation since it is derived from the real term in the total energy. 
Similar effect was found in [6] to be due to Van der Waals forces between the planes. For 
integer fllling and in the diffusive regime we found in [7] a drag rate linear in the intcrlayer 
interaction. Corrections beyond RPA to the drag rate were also analyzed in [7], these were 
shown to be important for low electronic densities and small layer separation. 

Composite fermions are realized through a transformation of the initial electron system 
by attaching an even number of flux quanta to each particle. Mathematically, this is achieved 
by coupling the electrons to a statistical gauge fleld whose dynamics is governed by a Chern- 
Simons kinetic term. The resulting fermions experience, in the mean fleld, an effective 
magnetic fleld which is the sum of the external one and the statistical magnetic part. This 
formulation has been analyzed in [8] where the response functions and collective modes were 
obtained. For z/ = 1/2 the composite fermions experience a zero effective magnetic fleld, 
and appear to form a fermi surface with coupling to the fluctuations in the gauge fleld. This 
latter situation has been analyzed in [9] within a RPA scheme which shows that the gauge 
interactions give rise to singular contribution in the single particle self-energy exhibiting 
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non-Fermi liquid behavior. Several other studies were conducted on this compressible state 
for the most part motivated by the large enhancement in the effective mass caused by the 
transverse gauge fluctuations [10,11]. 

In this work wc investigate the effect caused by the above mentioned gauge fluctuations 
on the momentum transfer rate experienced by the fermions. We consider a system of two 
layers of two-dimensional electrons in the presence of a strong magnetic field -Bext- We 
assume the two layers to be far away from each other that direct transfer of charge between 
them is not possible but include explicitly the coulomb interaction between carriers from 
different layers. 

The action at finite temperature of the system is 
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where the indices a = 1,2 and /5 = 1, 2 label the layers, pa is the average particle density 
in layer a, and fia is the chemical potential. D is the the covariant derivative which couples 
the fermions to the external electromagnetic field Agxt and to the Chern-Simons field a"^. 
The last term describes the intra- and inter-layer Coulomb repulsion between the charged 
fermions, 

Uapi\v\) = eVeo^r2 + d2(i_5^^) (2) 

and d is the inter layer separation. 

The Chern-Simons coefficient in matrix form [8] is given for identical layers by 

1 f 2s -n\ 

=2.(4.2-, 2) (^_^ (3) 

where n, s are integers. 
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Note that by varying the action with respect to a" we obtain a constraint equation 
relating the charge density in each layer to the statistical magnetic field, 



(4) 



It states that fermions in one layer experience a statistical fiux per particle of 47rs for the 
particles in their own plane and another flux of 27m for the particles in the other layer. This 
constraint can be used to render the Coulomb interaction term in (1) completely independent 
of the fermion fields with the advantage of allowing a complete integration over them. 

In the mean field approximation, the electrons in each layer experience an effective field 
given by 



When is such that an integer number p of effective landau levels is filled, the filling 
fraction in each layer vi = V2= p/ (1 + 2/p) with 2/ = 2s + n. 

In this work we are interested in the situation when the effective field in each layer 
vanishes B^q = (p ^ oo), this corresponds to composite fermions forming a fermi surface 
with residual gauge interactions 5a" describing fiuctuations around the mean field state. 

Our goal is to obtain the drag rate experienced by the composite fermions in each layer 
and to compare it to the more familiar one for electrons. In order to find this rate, we probe 
the system with two gauge fields denoted by A^, and find the inter- layer current-current 
correlation function. The latter is obtained from the effective action of the system after 
integrating over the fermions and the ffuctuating gauge fields. 



where f/a^(g) = [rj^Vrflap and the Trln(...) results from fermionic integrations. We find 
it more convenient to work in the coulomb gauge for both the Chern-Simons gauge fields 
and the probing fields. This allows the following parametrization Sai{q) = ie^^qjcplq) and 
Ai{q) = ie'^qj(f)o{q). 
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The strategy is to expand the Trln(...) in (6) up to quadratic fluctuations in 5a" and 
0^*, and then carry out an integration over these degrees. The outcome of such procedure 
is the effective action describing the probing electromagnetic fields. The current-current 
correlation function relevant for the drag rate is achieved by double functional differentiation 
with respect to 0q and 0q. 

At an intermediate stage we obtain the following action, 



I J J <t>t{-p-qW{q)K{p)^iP.q) 
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here is a shorthand notation for T'^^J dq/(27r)^ and — qu^p- The polariza- 

tion functions are given in the long wavelength and low frequency as Ils{q,u!) — m*/27r, 
Ily{q,cu) = q'^i i2.jlm* '>'g^) 'y ^ 2n/m*VF [9]. Note that there is no induced Chern- 
Simons term since the composite fermions do not experience any magnetic field. The vertex 
functions are defined in terms of the single-particle Green functions G as 

Hp, q)-^JkA(p + q)G(k)G(k +p + q) [G(k +p) + G(k + q)] (8a) 

k 

A(p, q) = ^ f kA{p + q)G{k)G{k +p + q) [{{k + p) A q)G{k + p) + {k A q)G{k + gp) 
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r(P, = TTT^ / (fc A (p + q))G{k)G{k +p + q) 



X [{k Ap){{k+p) Aq)G{k+p) + {k A q){{k + q) A p)G{k + q)] (8c) 

here k Ap — e^^kipj. The gauge propagators are obtained by inverting the matrix form in 
(7). We give here those coupling the two layers which are relevant to drag rate. They are 
given by 

q + Xsq ) + Xdq^) 
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with Xs — 47r77^e^, = i2nm* + ^nv^^^ m*e^d). In deriving the gauge propagators we 
considered the special case of no inter- layer flux attachment 7712 = 0, this is done since we 
are more concerned with the effect arising from the inter-layer coulomb interaction. The 
inclusion of such a term would add an effective attraction between the two layers. While 
Tj = ^ for V = 1/2, it is useful to keep it as a variable describing the fermion-gauge coupling. 
The limit 1] 00 should reproduce the already known results in the absence of statistical 
gauge interaction. 

Eliminating the gauge ffuctuations by a gaussian integration results in an effective action 
for the probing electromagnetic field W^[0q]. The transconductivity is obtained from the cross 
quadratic term, in Matsubara frequencies it is found to be 

a (q, Uq) 



q^Uq 6(j)l{-q)6(j)l{q) 
-2 



I Vll{p)Vll{p + q)A{-p,p + q)A{p,-p-q) 

'q J 
P 

/ [Vll{p)Vf^{p + q) + Vll{p)Vf^{p + q)\ A{-p,p + q)A{p, -p - q) 
T^H>ip)%liP + Q)n-P,P + ?)r(p, -P - q) 



q^ijj, 



q^UJq 



q^UJq 



p 



(10) 

the first contribution is the only one that survives in the limit 77 ^ 00, it describes the 
usual drag rate due to density fiuctuations, this has been analyzed by several authors. The 
two others involve the singular transverse gauge field. Since the most important frequencies 
involved in (9a) are of order cu ~ q^, the last contribution in (10) is the most likely to give 
marked deviation in the temperature dependence of the drag rate. For this reason we give 
more details on this contribution, similar manipulations can be carried on the other two. 
First, we take q — and using a contour integration followed by an analytical continuation 
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to real frequencies iuq — > a; + iO, the transconductivity can be written as 



+00 
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(11) 

where /(e) = (exp(e/T) — 1)^\ the H — indicate the part in the complex plane where the 
vertex functions are analytically continued. 

The vertex function F = limq^QT /q is derived from (8c) using the assumption of a finite 
scattering rate 1/r in the single-particle Green functions. For zero external frequency we 
find F"' (p; e, e) ~ vpTepip/ATr, and F"'"+(p;e, e) = 0. The d.c transresistivity defined as 
pt — a^/[a'^ + af) ~ cr^/cr'^, where the in-plane conductivity a — ne^r/m, is then 



00 

de 



—00 



The momentum integration is cut off in the ultra-violet by 1/d and the integrand is 
important for e ~ TQ{pd)^ with the temperature scale Tq = Xd/ld^- A simple evaluation in 
that region with the replacement e^/sh^(e/2T) by 4T^ for |e| < T leads to 

p' = T^A^T/nfl^F {{To/Tf/') (13) 



where the scaling function is F{t) = ^3^3^ [1 + f tan-i[(2t - - ^ \n[{t + lf/{f - 

This results in a low-temperature dependence in the drag rate 1/td ~ T^/^ which is en- 
hanced as compared to the usual drag rate [4] . In fact, the latter involving the vertex function 
(8a) can be obtained using the same manipulations. In this case, one finds A'' (p; e, e) = 

(r/2m*)$>n(p,e + iO) « -tT/^^TipvF) and = [t]^ / {ASTip%e^^i^d%{T /TQf\ii{TQ/T). The 
limit rj 00, representing gauge-fermion decoupling leads to = {T'^ /ppC^j'^d'^) ln(To/T). 

We have shown that transverse gauge fluctuations in a double- layer system lead to devi- 
ations in the temperature dependence of the drag rate of momentum transfer. It is a direct 
consequence of the relaxation rate for the long- wavelength difference charge density between 
the layers that varies as q^. 
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